Background. Persistent infection with oncogenic human papillomavirus (HPV) is associated with an increased risk of cervical malignancy. Redetection of type-specific HPV after a period of nondetection may be caused by reactivation of a low-level persistent infection. Little is known about factors associated with type-specific HPV redetection.
Infections with human papillomaviruses (HPV) are very common in young, sexually active women [1, 2] and many studies have investigated the association of factors, including sexual behaviors and sexually transmitted infections (STIs), that influence HPV-related outcomes. An association of Chlamydia trachomatis genital infections and genital HPV is observed at several points in the development of HPV-associated cervical cancer, including the acquisition of HPV infection [3] , duration of HPV persistence [4, 5] , and development of cervical cancer [6] [7] [8] . An association between C. trachomatis infections and HPV redetection after an interval of viral clearance has not been described.
Ninety percent of type-specific HPV becomes undetectable after 12-24 months using standard polymerase chain reaction assays of genital samples and is deemed "cleared" if the HPV type is not detected in 2 or 3 subsequent, consecutive samples [9, 10] . Redetection refers to subsequent identification of a specific HPV type after it has apparently cleared. Such redetection may have occurred due to repeat infection with the same HPV (or variant) type or reemergence of an existing infection that had become undetectable [11] . Given that persistent oncogenic HPV infections are associated with HPV-related cancers, understanding of a role of C. trachomatis infections and other factors in HPV redetection would add to understanding of the pathogenesis of HPV-associated neoplasia as well as support clinical and public health chlamydia control efforts.
In this study, a cohort of adolescent women were followed closely for almost 6 years with quarterly testing for HPV and other STIs [12] . HPV infections were common in the cohort, and most HPV types became nondetectable after variable time periods. However, redetection of a specific HPV type after a period of nondetection (approximately >6 months) was observed in a subset of these study participants. There is no consensus whether the loss of HPV reflects HPV clearance or the establishment of latency [13] . There is human data to support that redetection of the same HPV type is explained, in part, by new sexual exposures [14, 15] . However, not all infections were accounted for by a new sex partner in these studies, and alternative explanations need to be assessed. Human data has suggested reactivation of HPV when new HPV types were found in immunosuppressed women who had remained sexually abstinent [16, 17] . Animal models with rabbits have demonstrated HPV viral latency and that these latent infections are virally capable of producing clinical lesions after wounding [18] . It has been suggested that the basal stem cells can be infected by and contain HPV in very low cell numbers in humans and that processes such as wound repair after an inflammatory event or trauma, hormonal regulation, or loss of immunological surveillance lead to basal cell differentiation and redetection [18, 19] . Therefore, we hypothesized that factors associated with states of inflammation (ie, STIs), immunogenicity, recurrent HPV exposure (lack of condom use, coital activity, number of sexual partners), or hormonal factors (birth control) could possibly be related redetection.
This study describes the occurrence and frequency of redetection after periods of nondetection and examines potential factors, biologic and behavioral, associated with type-specific redetection.
METHODS

Study Participants
Subjects for this analysis were a cohort of adolescent women recruited for a longitudinal study that assessed risk and protective behaviors associated with STIs. This project was known as the Young Women Project [20] . Recruitment began in the fall of 1999, and the last observation occurred in 2008. Participants were enrolled under the main study protocol, which was approved by the local institutional review board at the Indiana University School of Medicine. Adolescent women attending 1 of 3 primary care clinics in Indianapolis were eligible for enrollment in this study. Inclusion criteria for the study and this analysis were as follows: aged 14-17 years, able to understand English and provide written consent, not have any serious psychiatric problems or mental deficiencies, and have 1 parent who was able to give permission for participation in the study.
Both sexually active (ever reported vaginal intercourse) and non-sexually active adolescent women were enrolled. Adolescents who were pregnant at the time of enrollment were excluded; however, those who became pregnant were followed per protocol. Participant informed consent and parental consent were obtained at enrollment. All participants received financial compensation for their time and effort.
At the time of enrollment and at every study visit (approximately every 3 months apart), participants completed faceto-face interviews that assessed specifically for contraceptive methods used (condoms, oral contraceptive pills, and depomedroxyprogesterone), number of sexual partners, frequency of coital events, and number of condom-protected and -unprotected coital events during the previous quarter (3 months). Participants provided self-obtained vaginal swabs at these visits that were used to test for HPV, C. trachomatis, Neisseria gonorrhea, and Trichomonas vaginalis. No assessment of human immunodeficiency virus was conducted in this study because of low prevalence within the study clinics from which participants were recruited.
Testing for HPV and Other STIs
DNA was extracted from self-obtained vaginal swabs as previously described [21] . The Linear Array HPV Genotyping Test was used for HPV detection and genotyping [21] [22] [23] . This assay detects 37 HPV types using nondegenerate, 5′ biotinlabeled primer pools for polymerase chain reaction amplification within the L1 region of the HPV genome. Reactions were amplified in a PerkinElmer TC9600 Thermal Cycler as previously described [24] . A positive control reaction (sample provided by Roche Molecular Diagnostics) and a negative control reaction (no DNA) were performed with each assay. The GH20/PC04 human β-globin target was coamplified to determine sample adequacy.
Detection of specific HPV types was performed as previously described [4, 21] . There are 37 individual HPV types detected in the Linear Array assay, but for this analysis only 7 oncogenic (HPV-16, -18, -31, -33, -45, -52, and -58) type-specific infections were examined. These types were chosen because they were detected frequently in the cohort and because currently available vaccines protect against oncogenic HPV types 16 and 18, and second-generation HPV vaccines, currently in phase 3 trials, will include HPV types 31, 33, 45, 52, and 58. Swabs were also tested by polymerase chain reaction assays for C. trachomatis, N. gonorrhea, and T. vaginalis, as previously described [4] .
Statistical Analysis
Descriptive statistics were used to characterize the frequency of HPV detection and the distributions of high-risk HPV types detected. A participant was considered to have a type-specific HPV infection if >2 quarterly samples tested positive (consecutive or nonconsecutive) for that HPV type during the study.
If a specific HPV type was detected in only a single swab (n = 83) from a participant during the study, this HPV type was not considered in this analysis (given that it could also represent temporary deposition from sexual intercourse). Conversely, there were 68 single intermittent negative episodes found within the type-specific episodes defined for this analysis. Each participant could contribute up to 7 HPV type-specific infections to the analysis, 1 for each of the 7 oncogenic types examined.
Type-specific infections were further broken down into "detection episodes" and are the focus of this analysis. Two types of patterns ( Figure 1) were seen within type-specific infections: detection followed by a period of nondetection followed by redetection (a detection/nondetection/redetection [D/N/R] episode) or detection without subsequent redetection (a detection/nondetection [D/N] episode). A period of nondetection was defined as >2 consecutive negative swabs (approximately >6 months). The duration of nondetection within a D/N/R was defined as the length of time between the date of the first negative test and the date of redetection. Duration of nondetection was also calculated for a D/N episode and defined as the length of time between the date of first negative test and the date of last negative test (ie, last date of the study observation). Some type-specific infections would contain >1 episode for any given individual.
Independent variables assessed included STIs (N. gonorrhea, C. trachomatis, and T. vaginalis), which were assessed at the time of HPV redetection (or last negative swab for a D/N episode). Use of oral contraceptive pills, use of medroxyprogesterone, condom use (calculated as numbers of unprotected coital events), coital frequency, and partner numbers were assessed over the 3 months just before the redetection date for a D/N/R episode; whereas these variables were assessed at the time period 3 months before the last sample collected for a D/N episode. Frailty models were used to assess effect of each independent variable on time of redetection individually in univariable models, as well as all independent variables together in a multivariable model. Given a more stringent definition of 6 months to define a period of nondetection, sensitivity analysis was performed using 3 months as the minimum time for nondetection. Correlations between multiple type-specific infections and episodes from an individual participant were taken into account by the frailty model. Kaplan-Meier curve of time to redetection and C. trachomatis was plotted. All analyses were performed using SAS version 9.1.3 [25] 
RESULTS
Participant Summary
The entire cohort consisted of 146 adolescent women with a mean age of 15.4 years (14-17 years) at enrollment; 94.5% were black. At the time of enrollment, 124 (84.9%) had reported vaginal-penile intercourse, and these women reported a mean of 2.9 (standard deviation [SD], 3.7) sexual partners. By the end of enrollment, all but 1 participant had reported vaginal intercourse. The cohort was followed for a mean of 5.8 years (range, 3.9-9.2 years) and provided a total of 3038 samples; specimen adequacy was >95%. The mean number of self-collected vaginal samples per participant was 21.7 (range, 9-36 swabs).
One or more HPV type-specific infections (HPV-16, -18, -31, -33, -45, -52, or -58) occurred in each of the 146 participants (100%). A total of 210 episodes were identified within the type-specific infections; 139 type-specific episodes ended without redetection (D/N), and 71 ended with redetection (D/N/R).
The D/N/R pattern occurred for all 7 high-risk HPV types, as shown in Table 1 
Effect of Concurrent STI on HPV Redetection
The effect of STIs on the likelihood of HPV redetection was determined (Table 2 ). Chlamydia was the only STI significantly associated with redetection in both univariable and multivariable models. Participants with chlamydia at the last sample collection were >3 times more likely to have redetection than those subjects without chlamydia (hazard ratio [HR], 3.14; 95% confidence interval [CI], 1.44-6.86; P < .001). The KaplanMeier curve (Figure 2) demonstrates the relationship of chlamydia with the high probability of HPV redetection. In other words, probability of continued nondetection of HPV was much lower in cases with concomitant chlamydia infection.
Partner Effect on HPV Infection Duration
The number of unique sex partners was recorded for each participant during the study period, which allowed for calculating cumulative number of unique partners and delineating newly acquired sexual partners. Redetection was not associated with acquiring a recently new sex partner. The median number of sex partners over the last 3 months (just before the time point of examination) for both groups was 2. No association was found between number of partners over the last 3 months and redetection (HR, 1.3; 95% CI, .80-2.12) in the univariable analysis; however, a significant association with number of partners within the last 3 months (HR, 2.26; 95% CI, 1.35-3.78; P < .005) was seen in the multivariable model, suggesting that redetection was >2 times more likely with each additional selfreported sex partner (Table 2) .
Contraceptive/Hormonal Effects
Neither use of depo-medroxyprogesterone or oral contraceptive pills over the last 3 months was associated with type-specific HPV redetection in the univariable or multivariable models. More condom-unprotected coital events were associated with redetection; however, this association was not statistically significant.
Finally, regression models were repeated using ≥3 months to define a period of nondetection. No differences were seen in the univariable and multivariable models with regards to significant variables.
DISCUSSION
In this study of adolescent women, periods of nondetection followed by redetection of HPV was seen in approximately onethird (33.8%) of all high-risk HPV episodes. These periods of nondetection would typically equate to "clearance" in studies of shorter duration. Redetection may represent intermittent detection of a persistent infection, as our previous work has demonstrated that low-level persistence does exist for HPV-16 in these periods of nondetection [26] . As stated earlier, these redetections may be also associated with reinfection and, if so, would suggest that a protective immune response did not develop. However, we have also demonstrated that the long control region regions of the HPV just before a period of nondetection and at the time of redetection (with the Linear Array assay) contain >98% DNA homology, suggesting that the detection of HPV-16 after a period of nondetection probably does not represent a new HPV-16 infection [27] . Reactivation of HPV has been suggested in women with human immunodeficiency virus [16, 17] , and more recently others [10, 14] have reported redetections in longitudinal followed cohorts of college and older adult women. This would suggest that latency of HPV is plausible and that early infections during adolescence with high-risk HPV put young women at risk for future HPV-related cervical outcomes, including cancer.
More intriguing was the influence of chlamydia on redetection. Chlamydia has been associated with HPV persistence [28] and HPV-related outcomes [3] [4] [5] [6] [7] [8] . Many studies have used detection of serum antibodies to demonstrate the association between the 2 organisms but have not fully elucidated the timing of each infection in relationship to the other. Possible alterations in cell-mediated immunity by chlamydia infections could stimulate viral replication. Others have suggested that periods of inflammation by an STI have been associated with increased oxidative stress proteins that may enhance HPV viral replication or DNA breaks that may facilitate viral integration [29] . It is also plausible that the inflammation results in sufficient desquamation of the epithelium to enhance HPV detection by traditional methodologies.
The association of type-specific HPV redetection with the number of sex partners in the 3 months before redetection was independent of a newly acquired STI or condom nonuse. It is potentially plausible that chlamydia may be in the causal pathway between number of recent partners and HPV redetection. However, additional analyses (not shown) did not allow us to declare chlamydia as the mediating factor. Mechanistically, the association with partner numbers could represent a new HPV infection of the same type by a different partner; more coital activity with subsequent inflammation, desquamation and/or coital "trauma" exposing more virus for detection; or the introduction of an alteration in the immunological environment from other antigens associated with a new partner, such as sperm or other microbes (eg, Mycoplasma genitalial) that are not traditionally evaluated.
As reported, the associations found in this cohort may not be generalizable to all populations, but results may be applicable to women at greatest risk for cervical cancer-those of ethnic minority and lower economic status-because the majority this cohort were black and all were recruited from Medicaid-related clinical sites. With regard to our definition of nondetection (at least ≥2 consecutive negative swabs), we forced a lower bound of duration (for nondetection) of 6 month (as opposed to 3 months) and may have introduced a bias if the underlying biology of redetection is more frequent. However, the stringency of our definition may have prevented bias if a single negative represented lab or sample collection error. The sensitivity analyses suggest robustness of our definition. Finally, measures about smoking and immune status were not available, and pregnancyrelated events were too few to assess. Any or all of these factors could have altered the analysis.
In summary, the implications for understanding HPV redetection are significant for understanding the natural history of HPV infection and legitimize the need for screening and early treatment for chlamydia infections and counseling around sexual behaviors. Finally, these findings may clinically assist in the understanding of HPV appearance in times of no sexual activity and support the need for early HPV vaccination. Clearly more research is needed to understand the development of premalignant and malignant transformation following HPV infections.
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